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© Ultrasonic transducer with reduced acoustic cross coupling. 



© A continuous wave driven ultrasonic transducer 
for determining Doppler frequency shift in reflected 
ultrasonic pressure waves in which the transmitter 
(40) and receiver (42) sections are constructed of a 
composite core (30) having a plurality of segments 
of piezoelectric material (32)_sep arated by ac oustic 
suppressi on ma terial (34)/AIso disclosed is a'meth- 
od of reducing acoustic and mechanical cross-cou- 
pling between piezoelectric transmitter (40) and re- 
ceiver (42) sections of an ultrasonic transducer by 
arranging segments of piezoelectric material (32) in 
a lateral array, and separating the piezoelectric seg- 
ments with ultrasonic acoustic suppression material 
(34) to produce a composite transducer core (30) of 
reduced acoustic and mechanical cross-coupling. 
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Cross Reference to Related Application 

This is a continuation-in-part of application 
Serial No. 07/527,078, filed May 22, 1990. 

Background of the Invention 

Continuous-wave-driven ultrasonic transducers 
have been used to measure velocity in changing 
flow patterns of flowing liquids by determining 
Doppler frequency shift in reflected ultrasonic pres- 
sure waves. Ultrasonic transducers of the type 
which have been used for this purpose are shown 
in FIGS. 1 and 2. As can be seen, they comprise 
electrically separated, solid piezoelectric material 
which serve as transmitters and receivers of ul- 
trasound. 

Commonly used piezoelectric materials, also 
useful in accordance with the present invention, are 
composites of piezo-ceramic and polymer. Typical 
of such materials are polymeric composites of 
lead-zirconate-titanate, lead-meta niobate and 
modified lead titanate. 

To measure characteristics of flowing liquids, a 
high signal-to-noise ratio is required. Unfortunately, 
one of the major sources of noise in such devices 
is the cross coupling (also known as "cross talk") 
between transmitters and receivers. Excessive 
cross coupling results in reduced accuracy of mea- 
surements. This is especially undesirable where 
such devices are employed for medical applica- 
tions since the erroneous results reduce diagnostic 
reliability. 

Summary of the Invention 

The present invention relates to an ultrasonic 
transducer with reduced cross coupling between 
transmitter and receiver. In particular, the invention 
is directed to reducing undesirable cross coupling 
by providing an ultrasonic transducer with a novel, 
composite core. 

In accordance with one embodiment of the 
present invention, an ultrasonic transducer is pro- 
vided which comprises a composite transducer 
core having a transmitter section and a receiver 
section. Each section is comprised of a plurality of 
laterally disposed layers or segments of piezoelec- 
tric material and a plurality of laterally disposed 
separation layers or segments of acoustic suppres- 
sion material interposed between adjacent piezo- 
electric layers or segments. The separation layers 
comprise ultrasonic wave suppression material 
which, when disposed between piezoelectric seg- 
ments in the transmitter and receiver sections pro- 
duce a composite core, with reduced cross cou- 
pling or "cross talk" in the lateral or radial direc- 
tion. The separating layers or segments may com- 



prise such acoustic suppression material as air, 3- 
10 or FR-4 fiber glass or electrically insulating 
epoxy or combination thereof. 

An important application of the ultrasonic trans- 

5 ducer, as mentioned above, is to measure blood- 
flow characteristics. For example, in making mea- 
surements of blood-flow velocity, the Doppler fre- 
quency shift is determined from reflected ultrasonic 
pressure waves. The ultrasonic transducer trans- 

w mits continuous waves to the area under investiga- 
tion and the receiver receives the ultrasonic reflec- 
tions to determine Doppler phase frequency shifts. 

One problem, which may be encountered by 
the use of an ultrasonic transducer device, is the 

75 difference in impedance between the transducer 
and water or human body tissue. To alleviate this 
condition, a matching impedance layer is advanta- 
geously disposed on the surface of the transducer 
facing the fluid flow, which has an impedance be- 

20 tween that of the transducer and the body tissue. 
Use of such a matching layer reduces the mag- 
nitude of the difference in impedance. An additional 
benefit of the ultrasonic transducer in accordance 
with the invention is that the transducer core has a 

25 lower acoustic impedance than conventional con- 
figurations, thereby making it easier to match 
acoustically to human body tissue. 

Materials useful as impedance matching layers 
include epoxy of different compositions, such as 

30 "Hysol." However, the use of a matching layer as 
well as the selection of a particular material de- 
pends on the fluid, fluid flow characteristics to be 
measured, and environment of use, as is well 
known in the art. 

35 In a preferred embodiment of the invention, 
there is provided a continuous-wave-driven, ultra- 
sonic transducer useful in measuring characteris- 
tics of a flowing liquid, such as blood, by means of 
determining Doppler frequency shift in reflected 

40 ultrasonic waves, which comprises a transducer 
core having a transmitter section and a receiver 
section, each section comprising a plurality of lat- 
erally disposed segments of piezoelectric material 
electrically connected in parallel; the piezoelectric 

45 segments being separated by ultrasonic wave sup- 
pression material. An impedance matching layer 
may be advantageously provided on the surface of 
the transducer core facing the fluid flow which has 
an impedance value between the impedance of the 

so transducer core and the impedance of the fluid 
whose flow characteristics are to be measured. 

Electrical connection of respective arrays of 
piezoelectric segments in the transmitter and re- 
ceiver sections may be achieved by use of a 

55 simple wire connection or by use of a metalized 
layer that can serve as an electrode to facilitate 
electrical connection of the transducer to a suitable 
continuous wave generator. Where a metalized lay- 
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er Is used, it may comprise electroless nickel, 
vacuum deposited gold, or other known material 
suitable for this purpose. Separate metalized layers 
may extend across each of the transmitter and 
receiver sections on one end surface thereof. The 
opposite end surface of the transmitter and re- 
ceiver sections may be electrically connected, by a 
metalized layer or, preferably, a simple wire ex- 
tending across the piezoelectric segments. The im- 
pedance matching layer which should be elec- 
trically non-conductive, extends across the entire 
surface of the transducer's composite core. 

The transducer core thus comprises a transmit- 
ter and receiver section each of which includes a 
plurality of laterally disposed segments of piezo- 
electric material. Adjacent piezoelectric segments 
are separated by a separation layer of ultrasonic 
wave suppression material and the impedance 
matching layer extends across one surface of the 
transducer core. The resulting transducer has re- 
duced acoustic and mechanical cross coupling be- 
tween transmitter and receiver in the lateral direc- 
tion. 

In an alternative embodiment, the piezoelectric 
material in the transmitter and receiving sections 
may comprise "diced" segments of piezoelectric 
material instead of laterally extending full-length 
layers. In this. construction, the core may resemble 
a "checkerboard" pattern of piezoelectric seg- 
ments, each of which is acoustically separated 
from adjacent segments in the same manner as 
described above. Metalized material or other elec- 
trical connection means is also applied to opposite 
surfaces of each piezo segment, with each surface 
being of opposite polarity, just as in the previously 
described embodiment, and connected to a con- 
tinuous wave generating source. 

It will be noted that the terms "layers" and 
"segments" as used herein to described the piezo- 
electric material in the core, are interchangeable. 
The intention is that term "segment" is broad 
enough to encompass laterally extending layers of 
piezoelectric material which may either be as long 
as the diameter of the transducer core or of lesser 
length. Thus, for example, in accordance with the 
invention a segment may comprise one entire lat- 
eral layer or slice, or one of two or more sections 
which will form an entire lateral layer. In the alter- 
native embodiment described above, each lateral 
layer may be comprised to two or more segments, 
thus forming a "checkerboard" pattern. 

Brief Description of the Drawings 

FIG. 1 is a partial isometric view of a 
continuous-wave Doppler ultrasonic transducer 
known to the prior art; 

FIG. 2 is a partial isometric view of another 



embodiment of a continuous-wave Doppler ultra- 
sonic transducer also known to the prior art; 
FIG. 3 is a side view, partially in section, of the 
composite core that is used to form the trans- 
5 mitter and receiver sections of the ultrasonic 
transducer In accordance with the present inven- 
tion; 

FIG. 4 is a partial view, with cut-away section, of 
a continuous-wave ultrasonic transducer of the 

w ' type shown in FIG. 1 incorporating a composite 
core in a parallel pattern according to one em- 
bodiment of the invention; 
FIG. 5 is a partial view, with cut-away section, of 
a continuous-wave ultrasonic transducer of the 

75 type shown in FIG. 2 incorporating a composite 
core in a parallel pattern according to the one 
embodiment of the invention; 
FIG. 6 is a partial view, with cut-away section 
through a plane such as 6-6 in FIG. 4 showing 

20 an ultrasonic transducer with a composite core 
in a "checkerboard" pattern according to an- 
other embodiment of the invention; 
FIG. 7 is a schematic diagram showing the 
system in which the ultrasonic transducer is 

25 used; and 

FIG. 8 is a sectional view, through plane 8-8 in 
FIG. 3, showing an ultrasonic transducer with a 
composite core and, in particular, the electrode 
connections. 

30 

Description of the Preferred Embodiments 

Both prior art and preferred embodiments of 
the invention are shown in the accompanying draw- 
35 ings, wherein like numerals are used to refer to 
similar parts. 

As can be seen in FIGS. 1 and 2, conventional 
ultrasonic Doppler transducer configurations com- 
prise a piezoelectric transmitter and receiver sepa- 
40 rated by an electrically non-conductive separation 
layer. In the embodiment of the prior art described 
in FIG. 1 , the transmitter and receiver segments of 
piezoelectric material, 10 and 12, respectively, 
comprise semicircular cylindrical segments. Non- 
45 conductive separation material 14 is disposed be- 
tween them and electrically conductive metalized 
layers (not shown), are applied to the transmitter 
and receiver sections for electrical connection to a 
C.W. source and a display. Because the transducer 
so generally has an acoustic impedance much greater 
than the impedance of the body tissue, repre- 
sented in FIG. 1 by the liquid blood flow A, an 
impedance matching layer 16 is employed to pro- 
vide an impedance value between the impedance 
55 of the ultrasonic transducer core and the fluid 
whose velocity or other characteristics are to be 
measured. A backing layer 18 is employed on the 
side of the transducer facing away from the fluid. 
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A similar prior art arrangement is described in 
FIG. 2, except that, in this embodiment, an annular 
piezoelectric material 20 serves as a receiver sur- 
rounding a central core 22 of piezoelectric material 
which serves as a transmitter, and the two seg- 
ments are separated from each other by annular 
non-conducting separation layer 24. Metalized lay- 
ers or other electrical connections, not shown, pro- 
vide means to electrically connect the transmitter 
and receiver to a C.W. source. A matching layer 
26, similar to 16 in FIG. 1, is used for the same 
purpose as discussed in connection with FIG. 1 . A 
backing layer 28 similar to layer 18 in FIG. 1 is 
used for the same purpose. Also as in FIG. 1, FIG. 
2 depicts the transmission of ultrasonic wave en- 
ergy and the reflection back from the liquid flow A. 

In contrast to the construction described in 
FIGS. 1 and 2, the ultrasonic transducer in accor- 
dance with the invention comprises transmitter and 
receiver sections constructed of a composite trans- 
ducer core as shown in FIGS. 3, 4, 5 and 6. As can 
be seen in FIG. 3. the composite core 30 com- 
prises lateral layers or segments of piezoelectric 
material 32. Adjacent segments of piezoelectric 
material 32 are separated with ultrasonic wave sup- 
pression material 34. In the construction described, 
the piezoelectric and separation material are dis- 
posed transversely along the lateral, or radial, di- 
rection. A suitable electrical ground connection is 
made between all the piezoelectric segments in the 
core narrow metalized layer 37 that covers one of 
the end surfaces of the core in contact with all of 
layers 32. A narrow metalized layer 35 is applied to 
the other end surface of the core in contact with ail 
of layers 32. Conductive layers 35 and 37 serve as 
transducer electrodes, electrically connecting lay- 
ers 32 together in parallel to form in effect a single 
ultrasonic wave transducer. In the preferred em- 
bodiment, an impeda nce matching la yer 36 is also 
provided which extends across the^encT surface of 
the core over layer 37 and a backing layer 38 
extends across the end surface of the core over 
layer 35. 

The core shown in FIG. 3 is used as the 
transmitter and as the receiver in the otherwise 
known ultrasonic continuous wave Doppler trans- 
ducers, as illustrated in FIGS. 4 and 5. In FIG. 4, 
the transducer has a diametrical separation layer 
39 that acoustically and electrically isolates the 
transmitter from the receiver. In FIG. 5, the trans- 
ducer has an annular separation layer 41 that 
acoustically and electrically isolates the transmitter 
from the receiver. Separation layers 39 and 41 are 
preferably thicker than layers 34 and extend 
through and divide the impedance matching layer 
into layers 36A and 36B and the backing layer into 
layers 38A and 38B. Layers 35A and 37A form the 
electrodes of the transmitter and layers 35B and 



37B form the electrodes of the receiver. Layers 39 
and 41 could be the same material as or different 
from layers 34, so long as they have electrically 
insulative and acoustic suppressive properties. 

5 As shown in FIG. 8, the layers 32A and 32B of 

piezoelectric material in the transmitter and re- 
ceiver sections are connected, together by wire like 
electrode layers 35A and 35B, respectively. Layers 
37A and 37B would be similarly connected to the 

10 other sides of layers 32A and 32B, respectively. 

Since measurements of blood flow characteris- 
tics to determine velocity and other patterns by 
Doppler frequency shift in reflected ultrasonic pres- 
sure waves requires high signal-to-noise ratios, 

15 minimizing cross coupling or cross talk between 
transmitter and receiver, as is possible with the 
present invention, is especially important. By mak- 
ing transmitters and receivers from a plurality of 
piezoelectric segments separated by acoustic sup- 

20 pression material such as polymer epoxy, the con- 
tinuous wave Doppler ultrasonic transducer pos- 
sesses reduced acoustic and mechanical cross 
coupling between the transmitter and receiver. It is 
believed that the mechanism for the reduction in 

25 the cross coupling is the restricted mechanical 
motion and increased energy absorption in the 
radial direction. 

It is also noted that the continuous-wave Dopp- 
ler ultrasonic transducer of the invention provides 

30 the additional benefit of lower acoustic impedance 
within the transducer core. It is thus easier to 
acoustically match the transducer core to water or 
human body tissue. Manufactured prototypes of the 
invention have shown improvements, that is, reduc- 

35 tion in cross coupling as compared to traditional 
ultrasonic transducers, of as much as 6 dB to 15 
dB without deterioration in other performance char- 
acteristics. 

A suitable system for using the ultrasonic tran- 
40 sducer is described in FIG. 7 which shows the 
respective transducer sections 40 and 42 connect- 
ed to a transmitter and receiver 44 and 46, respec- 
tively. An oscillator 44, which generates continuous 
waves, is connected to transmitter 44 for conver- 
ts sion to an ultrasonic signal and is connected to 
receiver 46 to detect the Doppler frequency shift 
The receiver 46 is connected to a suitable display 
50, such as a CRT, to display a representation of 
the Doppler frequency shift. 
so A convenient method of making an ultrasonic 
transducer in accordance with the invention as, for 
example, may be used in medical applications, is 
to slice the piezoelectric segments of the transmit- 
ter and receiver sections of the transducers shown 
55 in FIG. 1 into parallel lateral slices, such as shown 
in FIG. 3. These slices may then be arranged in a 
lateral array separated from each other with acous- 
tic suppression material to form a composite core 



7 



EP 0 458 146 A2 



8 



for the transmitter and receiver sections. In a simi- 
lar manner, it is possible to construct a transducer 
of the type, or general configuration shown in FIG. 
2,. by first slicing a cylindrical piece of piezoelectric 
material and subsequently making a circular cut 5 
through the lateral slices and inserting acoustic 
suppression material between the annular outer 
section and the inner cylindrical section and be- 
tween the slices. In both of the foregoing examples, 
the lateral direction will be equivalent to the radial 10 
direction- of the transducer core. By electrically 
connecting the piezoelectric segments in the re- 
spective transmitter and receiver sections in the 
transducer core to supply a continuous-wave en- 
ergy, continuous-waves of electrical impulses will is 
create the necessary voltage field between the 
opposite surfaces of the transducer, and ultrasonic 
wave energy will be radiated transversely from the 
plane of the transducer toward the fluid flow under 
investigation. Although there will be some ultra- 20 
sonic wave energy that radiates radially or laterally 
from each piezoelectric transmitter segment to a 
receiving segment, since each piezoelectric seg- 
ment is separated from an adjacent segment, by 
acoustic suppression material, cross coupling be- 25 
tween transmitter and receiver is significantly re- 
duced in total, thereby improving the efficiency of 
the transducer. Since the layers 39 and 41 do not 
contribute to the transducer properties, i.e., acous- 
tic impedance, electrical impedance, electrome- 30 
chanical coupling, etc., their thickness can be de- 
termined independent of layers 34 to increase 
cross-talk suppression. 

As an alternative embodiment to the core de- 
scribed above, instead of using laterally extending 35 
layers, the piezoelectric material of the transmitter 
and receiver composite cores may be diced in 
perpendicular planes into rectangular blocks to 
form a checkerboard pattern, such as shown in 
FIG. 6. In this embodiment, each block 52 of piezo- aq 
electric material abuts four blocks 54, 56, 58 and 
60 of wave suppression material. Of course, as in 
all other configurations, separate electrical connec- 
tions are effected to the opposite surfaces of the 
piezoelectric blocks, as for example, by conductive 45 
layers coextensive in area with the respective 
transmitter and receiver. 

In addition to the foregoing, extruded rods of 
piezoelectric material impregnated with epoxy may 
be assembled into the desired array. For example, 50 
the extruded rods can be placed side-by-side in a 
suitable configuration to form the composite cores - 
as has been described in connection with laterally 
deposed layers or diced segments of piezoelectric 
material. 55 

It is apparent from the foregoing that various 
changes and modifications to the invention may be 
made without departing from the spirit thereof. Ac- 



cordingly, the scope of the invention should be 
determined only by the appended claims, wherein: 

Claims 

1. A continuous wave driven ultrasonic transducer 
for determining Doppler frequency shift in re- 
flected ultrasonic pressure waves comprising a 
transmitter section and a receiver section each 
section comprising a plurality of laterally dis- 
posed segments of piezoelectric material sepa- 
rated by ultrasonic wave suppression material 
interposed between adjacent piezoelectric seg- 
ments. 

2. An ultrasonic transducer according to claim 1 
further comprising means to electrically con- 
nect piezoelectric segments in the transmitter 
and receiver sections, respectively. 

3. An ultrasonic transducer according to claim 2, 
wherein said electrical connection means com- 
prises a metalized layer. 

4. An ultrasonic transducer according to claim 2, 
further comprising a metalized layer connect- 
ing one end surface of the piezoelectric seg- 
ments in each of the transmitter and receiver 
sections and a wire electrically connecting the 
opposite end surfaces of said segments. 

5. An ultrasonic transducer according to claim 2, 
further comprising an impedance matching lay- 
er for said transducer core disposed transverse 
to the laterally disposed piezoelectric seg- 
ments and separation layers, said matching 
layer having a different impedance than said 
transducer core. 

6. An ultrasonic transducer according to claim 1, 
wherein said segments of piezoelectric ma- 
terial are diced and arranged in a checker- 
board pattern separated by ultrasonic wave 
suppression material. 

7. An ultrasonic transducer according to claim 1, 
wherein said piezoelectric material comprises 
a polymeric composite of at least one piezo- 
ceramic material from the group consisting of 
lead-zirconate-titanate, lead meta niobate and 
modified lead titanate. 

8. An ultrasonic transducer according to claim 1 , 
wherein said separation layers comprise a non- 
electrically conductive epoxy composition. 

9. An ultrasonic transducer according to claim 3, 
wherein said impedance matching layer com- 
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prises an epoxy composition. 

10. A continuous-wave-driven, ultrasonic trans- 
ducer, useful in measuring characteristics of 
flowing fluids by means of determining Doppler 
frequency shift in reflected ultrasonic waves 
comprising: 

a transducer core comprising a transmitter 
section and a receiving section, each section 
comprising a plurality of electrically connected 
laterally disposed segments of piezoelectric 
material, said segments in said transmitter and 
receiver sections being separated by ultrasonic 
wave suppression material; 

an impedance matching layer on one outer 
surface of the transducer core, said matching 
layer having an impedance value between the 
impedance of the transducer core and the im- 
pedance of the fluid whose flow characteristics 
are to be measures; 

whereby said transducer core has reduced 
acoustic and mechanical cross coupling be- 
tween ultrasonic transmitters and receivers in 
the lateral direction. 

11. An ultrasonic transducer according to claim 10, 
wherein said segments are electrically con- 
nected on at least one surface by a metalized 
layer. 

12. An ultrasonic transducer according to claim 11, 
wherein said metalized layer is from the group 
consisting of electroless nickel and vapor de- 
posited gold. 

13. An ultrasonic transducer according to claim 10, 
wherein said segments of piezoelectric ma- 
terial are extruded rods impregnated with ep- 
oxy. 

14. A method of reducing acoustic and mechanical 
cross coupling between piezoelectric transmit- 
ters and receivers in continuous wave driven 
ultrasonic transducer for determining Doppler 
frequency shift in reflected ultrasonic pressure 
waves comprising arranging a plurality of seg- 
ments of piezoelectric material into respective 
transmitter and receiver sections, separating 
said segments of piezoelectric material, and 
said transmitter and receiver sections, with ul- 
trasonic acoustic suppression material, elec- 
trically connecting opposite outer surfaces of 
said segments in each of said transmitter and 
receiver sections to a source of continuous- 
wave energy to produce a composite trans- 
ducer core having reduced acoustic and me- 
chanical cross coupling between said piezo- 
electric ultrasonic transmitter and receiver. 



15. A method according to claim 14, wherein said 
segments of piezoelectric material are diced 
and arranged in a checkerboard pattern sepa- 
rated by said acoustic suppression material. 

5 

16. A method according to claim 14, wherein the 
segments of piezoelectric material are extrud- 
ed rods of piezoelectric material impregnated 
with epoxy. 

10 
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